Objective: To get an impression of the quality of life (QOL) and sexual well-being in the Fontan population, and to generate hypotheses for future research.
| I NTR OD U CTI ON
Since its invention in 1971, the Fontan circulation has become common practice to treat patients with a univentricular heart. 1, 2 With the Fontan operation, the systemic venous return is directed to the pulmonary vascular bed without help of a subpulmonary ventricle. The Fontan circulation is characterized by chronically increased central venous pressure and restricted ventricular filling due to the passive pulmonary blood flow, and an increased ventricular after load, caused by the coupling of the systemic and pulmonary circulation. 3, 4 Various modifications in surgical technique and perioperative care have been developed over the past decades, and short term outcome has significantly improved. 5 With a growing cohort of patients with a Fontan circulation now reaching adolescence and early adulthood, functional capacity and QOL has become of increasing interest.
Previous studies showed that patients with a Fontan circulation have an impaired exercise tolerance (around 60% of healthy subjects 6 ), and are prone to develop various complications, including pulmonary and cardiac disease, 7 as well as anxiety and depression. 3, 8 The number of health issues in children is previously recognized to be related to the chance of peer rejection and bullying, thereby putting the Fontan patients at risk for social isolation. 9 However, QOL in Fontan patients seems in general well preserved, with 90%-100% of the patients within normal limits. 10 One important aspect of QOL is sexual well-being. Previous studies showed that adolescents and young adults with congenital heart diseases have increased concerns regarding fertility, inheritability, and pregnancy, may experience a broad range of sexual problems and might lag behind in psychosexual development. 11, 12 Although these studies have included a variety of congenital heart disease, no patients with a Fontan circulation were included. This is unfortunate because the unique physiology of the Fontan circulation justifies special attention for their sexual development and well-being. Important characteristics in this context of QOL/sexual well-being in Fontan patients include restricted cardiac output and exercise tolerance, the chronic systemic venous congestion and potential autonomic dysregulation in response to the decreased cardiac output. 13 Furthermore, the operations at a young age, frequent hospital visits, and impaired life expectancy might affect patients' QOL and sexual development. Finally, menstrual cycle disorders and fertility problems may influence the patients' sexual well-being. 14 To fill this gap in our knowledge, we decided to perform an explorative pilot study to investigate QOL and sexual function of patients with a Fontan circulation. Its aim was twofold: (1) to get an impression of the QOL and sexual well-being in a sample of the Fontan population, and (2) to generate hypotheses for future research.
| M ETH OD S

| Subjects
In 2012-2013, a cross-sectional study was performed among Fontan patients 10 years old who were followed at the outpatient clinics of the University Medical Center Groningen, the Netherlands. Of these consecutive patients, all participants 16 years old were asked to participate in the current explorative pilot study concerning sexual function and well-being. The institutional ethics committee approved this study. It was conducted in accordance with the declaration of Helsinki and written informed consent was obtained from all study participants.
| Measures
Patient characteristics were collected from medical records and included, gender, date of birth, cardiac anatomic diagnosis, surgical procedures prior to the Fontan completion, type and date of Fontan completion and current medication use.
To get an impression of QOL and sexual well-being a multimethod approach was used:
1. General health-related QOL (hrQOL) was assessed using the SF-36
questionnaire. The SF-36 questionnaire includes eight health concepts and for each subdomain, scores ranging from 0 to 100 are cal- For the interviews, ten randomly selected patients were asked.
Two patients refused to participate in the interviews because they would rather not talk about sexual well-being. Therefore, the interviews were eventually performed in 8 patients; 3 males and 5 females.
The short summaries of the interviews are displayed in the Supporting Information file 2.
| General well-being
The self-reported health related QOL scores of the Fontan patients regarding the domains physical functioning, social functioning, role limitations due to physical problems, role restrictions due to emotional problems, mental health, vitality, pain, and health-change over the last year did not significantly differ from the healthy controls ( Table 2 ). The
Fontan patients, however, scored significantly lower on general health than their healthy peers (t(19) 5 23.0, P 5 .008).
The interviewed patients explained that they currently experience few limitations due to their cardiac condition. They feel that they have a good QOL in general, despite the fact that some (3 out of 8 patients)
were not able to work, needed an electronic bicycle (2/8) or not participating in sports due to their physical restrictions (6/8). Conversely, most of the interviewed patients (6/8) had experienced physical limitations during their childhood and/or puberty. This is illustrated by the following statement by patient G:
As a child I realized I was different than the other kids. The physical limitations as a child had a clear consequence for almost all interviewed patients; namely the feeling of being an outsider at primary and/or secondary school. Despite the fact that most patients had (at least some) friends, they were from a young age on aware that they were more restricted during exercise and missed more days at school than their peers. Consequently, most of the patients (6/8) experienced forms of bullying during either primary or secondary school.
Patient D:
I liked going to the primary school, but after two months at the secondary school I did not want to go anymore. I was just not part of the group, and therefore an easy victim. I could not participate in sports activities. The rest of the class biked to the city at lunch time, but I always stayed behind because, at that age, nobody will wait for you lagging behind. (Female, 31)
Despite being bullied, none of the patients felt limited to make new friends due to their cardiac condition. More importantly, most of the patients did not report any concerns related to committing to 
| Sexual function and well-being
Based on the 21 completed GRISS questionnaires, sexual function and well-being in Fontan patients showed no significant differences compared to healthy controls (Table 3, Regarding the GRISS subdomains infrequency, dissatisfaction, nonsensuality, premature ejaculation (M), and anorgasmia (F), no specific problems were reported during the interviews.
In the subdomain female and male avoidance, the scores of the Fontan patients did not show a significant difference with the normal Concerning the GRISS subdomain noncommunication, no problems were reported during the interviews about the current relationships of the patients. However, three out of eight interviewed patients reported that they found it difficult to tell about their cardiac condition to a new partner, mostly because they were afraid of their reaction. They thought their new partner would be scared to share a life with someone with a severe cardiac condition, restricted life expectancy, frequent hospital visits and restricted exercise limitations along with sexual impairment (in 1 male patient).
Significant correlations between the QOL subdomains and GRISS
subdomains are demonstrated in Table 4 .
| Fertility, pregnancy, and children
Three out of the fourteen females who completed the questionnaires had been pregnant. Two of these women sought for help at the fertility clinic. Together, the women had four pregnancies; one ended in a miscarriage (< 20 weeks pregnancy) and the other three babies were born prematurely (at 27, 31, and 35 weeks pregnancy). Of the latter three babies, one died after two months due to meningitis and the other two are still alive. Eight of the female participants reported that they wish to have children in the future, of whom five females were discouraged by their physician to have children due to their heart condition.
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Of the five interviewed women, two reported a low self-esteem due to the fact that they could not, or are discouraged to, become pregnant.
Patient Fs' answer to the question if she has to offer enough as a partner:
I find that very difficult. Based on the questionnaires, two of the males reported that they established a pregnancy in a woman, both without any help of fertility improving therapy. In both cases, the child was born healthy, without any heart defect. Three of the other males reported a desire for children in the future. None of males were, because of their heart condition, discouraged by their physician to get children.
During the interviews, none of the males was concerned about fertility or raising children.
| DI SCUS SION
In this study, we found Fontan patients to report a health-related QOL and sexual well-being generally comparable to normal values. However, during childhood, most patients experienced physical limitations and the feeling of being an outsider. Regarding sexual well-being, large interindividual differences were noted especially in the subdomains dyspareunia and erectile dysfunction of the questionnaire, and regarding erectile dysfunction, avoidance, and self-esteem during the interviews. Based on this study, some impressions could be sketched:
Fontan patients face daily restrictions and co-morbidities, associated with the Fontan circulation. Despite these restrictions, this study confirmed that these patients seem to experience a generally well preserved health-related QOL. However, the interviewed patients pointed out those physical restrictions were more prominent during childhood, where they consequently felt an outsider in their peer-group and were often bullied.
The number of Fontan patients who had the experience of being bullied seems rather high compared to a recent study on school-related adjustment, which demonstrated that 9% of the adolescents with congenital heart disease had the experience of being bullied. 20 However, the cardiac malformation of the majority of the adolescents in the latter study was completely surgically corrected. Whereas the study by Casey et al showed that children in whom the cardiac disease was not completely corrected, were more withdrawn and had more social problems. 21 Potentially, overprotection from parents and the degree in which the disease interfered with participation in school or play affected their sense of normalcy. 22, 23 Furthermore, Fontan patients often face multiple health issues, putting them at risk for peer rejection and bullying. 9 To our knowledge, the high prevalence of social isolation and bullying of Fontan patients is not previously recognized. These are important issues needing attention because they can influence adult self-esteem and mental health outcomes. 24 In the near future, more prospective pediatric studies to investigate the hypothesis based on this pilot study whether Fontan patients indeed experience significantly more social isolation and bullying are needed. Moreover, the benefit of promotion of self-efficacy and specific skills training, might be of great interest to help the patients with these issues.
25,26
The operation(s) at a young age and the abnormal circulation can potentially affect both psychological and physical aspects of the patients' well-being. Psychologically, the impaired life expectancy, bodyand self-esteem, performance anxiety, and impaired fertility might be important factors. Physically, the increased central venous pressure, limited exercise capacity and medication use might impair sexual function.
In general, sexual function and well-being seemed well preserved in this study. Some of the patients experienced a limited exercise capacity during sexual intercourse, but this did not impact their sexual well-being. This is in line with results from previous studies on a variety of diseases, including congenital heart disease. 27 Conversely, large interindividual differences were noted and sexual dysfunction was described by several patients on an individual level. Sexual impairment reported in this study included erectile dysfunction, low body-and sexual self-esteem and avoidance of sexual intercourse. In previous studies investigating patients with other congenital heart diseases, it has been reported that 10% of the males suffer from erectile dysfunction, potentially caused by impaired cardiac output and restricted functional capacity. 28, 29 Furthermore, a recent study demonstrated that medication use, including spironolactone and digoxin, significantly affected sexual function in men with congenital heart disease. 30 In addition, in Fontan patients, erectile dysfunction might be provoked by a dysregulation of the autonomic nervous system, chronic systemic venous congestion and endothelial dysfunction. 31, 32 One of the three males who were interviewed was unable to maintain an erection during sexual intercourse. This problem affected his sexual life and he was very limited in the pharmacological therapeutic options (eg, Sildenafil) for his problem.
In women with congenital heart disease, sexual dysfunction, including dyspnea, arrhythmias, fatigue and syncope, and lower selfesteem are previously recognized. 27, 33 In this study, the females reported predominantly psychological components which affected their esteem of their sex life and partnership (patients C and F). Their main concern being their inability to offer children to their partners. High concerns regarding fertility and pregnancy are also reported in patients with other congenital heart defects. 34 However, those patients were more concerned about their own health and their ability to carry the baby to term, whereas women with a Fontan circulation were discouraged to become pregnant and were concerned that their partner might consider having children with another woman.
In addition, we examined the correlation between the healthrelated QOL and sexual functioning. Correlations between healthrelated QOL and male-specific subdomains of the GRISS questionnaire as well as the subdomain female anorgasmia were primarily driven by two outliers (one male, one female). Conversely, despite the small sample sizes we were able to demonstrate that both mental health and role restrictions due to emotional problems show a trend toward significance (P value < .10) with female avoidance and dyspareunia. This corresponds with a recent report by Ghizzani et al, showing that sexual pain in women can affect the women's sense of well-being. 35 Interestingly, four interviewed patients reported no sexual dysfunction, suggesting that sexual function can be well preserved in the Fontan circulation. In the Fontan circulation, progressive deterioration of the circulation has been suggested, also known as Fontan attrition, manifesting itself by various circulatory complications, including gastroenteric complications, arrhythmias, and deteriorating functional capacity. 3 The four patients who did not report sexual dysfunction, were the youngest interviewees and in none of these patients adverse sequelae of the Fontan circulation had developed (yet). Therefore, gradual attrition of the Fontan circulation may be associated with progressive sexual (dys)function of the Fontan patients over time. This is also confirmed by patients C and E, who explained that their arrhythmias and the anxiety for a new onset of arrhythmias severely impact their sexual desire and activity, as well as by patient B, who suffers from erectile dysfunction from the age of thirty.
In the most recent guidelines provided by the American College of Cardiology (ACC) it is stated that sexual activity, contraception and pregnancy issues are key issues to monitor in patients with tricuspid atresia/Fontan circulation. 36 However, health care providers might be hesitant to start a conversation on these topics, due to lack of time in clinical practice, limited knowledge or fear for upsetting the patient. 37, 38 The ACC/American Heart Association have introduced a scientific statement with general recommendations to help the clinician with this clinical important issue. 39 The results of this study need to be interpreted in the context of several limitations. First, it is important to notice that the patients were When there is one clear difference between the patient population and the general population (for instance cardiac anatomy), all kind of other differences might be attributed to this feature, whether or not appropriate.
Because we used an exploratory design, we could not correct or compensate for this well-known psychological phenomenon. Third, the Cronbach's alpha for the subscales nonsensuality in males is rather low and the results regarding this subscale have to be interpreted with care.
Finally, the comparison between Fontan patients and the normative sample size of healthy couples who filled in the GRISS questionnaire, as well as the correlations analyses have to be interpreted with care due to the relative small sample sizes and lack of matched comparison data. However, this study was not designed to collect quantitative data, but aimed at generating first impressions and hypotheses regarding QOL and sexual well-being in Fontan patients. Future studies have to be conducted to investigate the prevalence of sexual problems and to identify whether sexual well-being of Fontan patients differs from patients with other congenital heart defects.
In summary, as a result of this explorative pilot study, we found several general themes regarding single ventricle patients and social/ sexual development and well-being. In general, the patients with a Fontan circulation seem to have a relatively preserved quality of life but face more social isolation and bullying during childhood/adolescence than their healthy peers. Regarding sexual dysfunction, Fontan patients seem to adapt fairly well to their physical restrictions and only a minority of the patients experienced problems. Possibly, there is a male/ female difference regarding sexual well-being in patients with a Fontan circulation. In males, physical limitations predominate and in females psychosocial limitations predominate. Finally, sexual dysfunction seems more common in older Fontan patients, and future research has to clarify whether progressive attrition of the Fontan circulation affects the patients' QOL and sexual well-being.
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